METHOD The study was a case-control study of 109 children with CP (61 males, 48 females; mean age 9y, SD 3y 11mo, range 4-18y) and their healthy siblings (56 males, 53 females; mean age 10y, SD 3y 9mo, range 4-18y). The Sleep Disturbances Scale for Children (SDSC) questionnaire was completed by the main caregiver. In children with CP, multiple regression analysis was be used to determine factors related to higher Total SDSC sleep scores.
METHOD
The study was a case-control study of 109 children with CP (61 males, 48 females; mean age 9y, SD 3y 11mo, range 4-18y) and their healthy siblings (56 males, 53 females; mean age 10y, SD 3y 9mo, range 4-18y). The Sleep Disturbances Scale for Children (SDSC) questionnaire was completed by the main caregiver. In children with CP, multiple regression analysis was be used to determine factors related to higher Total SDSC sleep scores.
RESULTS Ninety-seven children (89%) had spastic CP, 10 (9%) had dyskinetic CP, and two (2%) had mixed CP. Based on the Gross Motor Function Classification System (GMFSC), 34 patients (31%) were at GMFSC level I or II, 10 patients (9%) at level III, and 65 patients (60%) at level IV or V. Children with CP scored significantly higher than their siblings on Total SDSC and four SDSC subscale scores -difficulty in initiating and maintaining sleep, sleep breathing disorders, sleep-wake transition disorders, and sleep hyperhidrosis. Caregiver sleep duration of less than 7 hours (p=0.02) and caregiver sleep latency of more than 30 minutes (p=0.03) were significantly associated with higher Total SDSC scores. Co-sleeping was not a significant factor.
INTERPRETATION Sleep disturbances are more common in children with CP than in their siblings. Attention should be given to caregiver sleep when evaluating sleep disturbances in children with CP as this factor was shown to be associated with higher Total SDSC scores.
There is a growing body of evidence that children with cerebral palsy (CP) are at increased risk of sleep disturbances. [1] [2] [3] Owing to the heterogeneity of the condition (nature of the underlying brain injury, spectrum and evolution of the clinical picture over time, and multiple comorbid conditions), the types of sleep disturbances and their risk factors in these children may be varied. For those with total body involvement and spasticity, muscle spasm and the need for repositioning in the night can result in a disrupted sleep. 4, 5 Epilepsy, which is a common comorbidity, has been shown to be strongly correlated with sleep disorders. 1, 6 Nocturnal seizures disrupt sleep continuity while certain antiepileptic drugs influence daytime alertness. 1, 4, 7 Blindness or severe visual impairment can affect the timing and maintenance of sleep through their effect on melatonin secretion and the lack of light perception. 8 Abnormalities of the structure and tone of the upper airways may contribute to obstructive sleep apnoea. 4 Intellectual disability and behavioural problems predispose to inconsistent bedtime routine and poor sleep hygiene. 9 Primary alteration in sleep architecture and central apnoea, possibly related to brainstem dysfunction, has also been reported. 10 Despite the clinical importance of sleep disturbances in children with CP, a literature review in 2011 noted the limited data available, with many studies on sleep disturbances including children under a broad category of 'neurodevelopmental disabilities'. 11 Given that sleep habits and arrangements may differ across cultures and socio-economic environments, the extent of sleep disturbances among children with CP as perceived by their caregivers may be different in a multicultural society such as Malaysia. Hence, a case-control cross-sectional study was carried out to determine if this population was at increased risk of sleep disturbances, and to determine factors associated with it.
METHOD Participants
All children with CP aged 4 to 18 years with siblings in the same age range and who attended the Universiti Kebangsaan Malaysia Medical Centre paediatric neurology clinic from 2008 to 2010 were included. If the child had two suitable siblings, the same-sex sibling was used as the comparison participant. Exclusion criteria included (1) children without an age-matched sibling with typical development (typical development, no chronic illnesses that might interfere with sleep, e.g. asthma requiring medication or cardiac failure), (2) patient or sibling was on medication to promote sleep, (3) family unwilling to participate or the main caregiver unable to complete the self-administered questionnaires. Families whose main caregiver was a hired helper were also excluded.
Assessments
After obtaining written informed consent, the main caregiver was required to report both the patient's and sibling's sleep by means of a validated questionnaire, the Sleep Disturbances Scale for Children (SDSC). 12 It contains 26 items rated on a Likert scale and the sum of scores yields a total sleep score (Total SDSC) and six sleep disturbance subscales: (1) difficulty in initiating and maintaining sleep/ insomnia (DIMS); (2) sleep breathing disorders (SBD); (3) disorders of arousal/nightmares (DA); (4) sleep-wake transition disorders (SWTD); (5) disorders of excessive somnolence (DOES); and (6) sleep hyperhidrosis. Higher T scores are correlated with increased sleep disturbance. Standardized norms are available and a T score of more than 70 (>2SD above the normative mean) is regarded as pathological. The SDSC was chosen because age and sex showed no significant effect on sleep scores in the normative sample, and it had been used in previous studies on children with CP 1,13 and epilepsy. 6 The questionnaires were available in the original English version and two translated versions -Malay and Mandarin Chinese. The reliability and internal consistency of these translated versions have been reported in an earlier study. 6 Co-sleeping was defined as the number of nights per week the child slept in either the same room or the same bed (room or bed sharing respectively) as the caregiver. Caregiver sleep habits (duration of sleep and sleep latency) were also documented.
Demographic and medical data of the patients were obtained, with specific questions regarding pathology that could affect sleep, including severity of epilepsy, visual loss, intellectual disability, type of CP and Gross Motor Function Classification System (GFMCS) 14 status. The severity of epilepsy was assessed using the Epilepsy Illness Severity score. 15 This is a summative score based on seizure type and frequency, number of antiepileptic drugs, and observed side effects, with scores ranging from 2 (least severe) to 9 (most severe). Intellectual disability was considered 'mild' if the child required support in a mainstream school and 'moderate/severe' if the child was in a special school and partially or totally dependent on a caregiver for self-help skills.
Ethical approval from the Universiti Kebangsaan Malaysia Medical Centre Research and Ethics Board was obtained.
Statistical analysis
Based on a previous study which showed that 23% of children with CP had high T scores (>70) on the SDSC compared with 5% of the general population, 1 a sample size of 68 in each group was required to achieve a power of 0.8 and an alpha of 0.05. All data were coded and analyzed by using SPSS (version 21; SPSS IBM Statistics, IBM Corp., Armonk, NY, USA). Univariate analysis was performed using v 2 for categorical variables (Fisher's exact test for cell values <5) and Wilcoxon rank-sum test for continuous variables. In children with CP, independent variables were entered in a single step using multiple regression analysis to determine factors associated with higher Total SDSC scores. A p-value of less than 0.05 was considered to be statistically significant.
RESULTS
There were 111 eligible patients during the study period; one did not have siblings that met the inclusion criteria and one did not complete the questionnaires. Hence, 109 complete data sets were available for data analysis. There was no significant difference in the age or sex ratio between patients (mean age 9y, SD 3.9y, range 4-18y; 61 males, 48 females) and their healthy siblings (mean age 10y, SD 3.8y, range 4-18y; 56 males, 53 females). The ethnic backgrounds of the participants were as follows: 56 (51%) Malay, 44 (41%) Chinese, seven (6%) Indian, and two (2%) other ethnicity. Ninety-one (84%) caregivers were mothers and 40 (37%) did not have paid employment outside the home. The mean caregiver age was 39 years 6 months (SD 6y 10mo) and mean education was 13 years (SD 4y). There were only five (5%) single-parent households. Table I shows the characteristics of the children with CP. Almost half had a severe disability (spastic/dyskinetic quadriplegia, GFMCS level V, intellectual disability, or epilepsy). Co-sleeping was the usual sleep arrangement for many families. No child used postural equipment consistently at night so this factor was not analyzed further. Table II shows the differences in Total and subscale SDSC scores between children with CP and their siblings. Children with CP had significantly higher mean scores for Total SDSC, DIMS, SBD, SWTD, DOES, and sleep hyperhidrosis. The proportion of children with pathological T scores for Total SDSC, DIMS, SBD, SWTD, sleep hyperhidrosis, and disorder of arousal was also significantly higher in the CP group than in the comparison group. Although there was no difference in the duration of sleep, there was a significantly higher proportion of children with CP who had longer sleep latencies than their siblings. Sixty-five (60%) caregivers reported that they had less than 7 hours of sleep per night, and 28 (26%) caregivers had a sleep latency exceeding 30 minutes.
What this paper adds
• Increased sleep disturbances in children with CP is seen in populations from diverse cultural and ethnic backgrounds.
• The main sleep disturbances are related to difficulty initiating and maintaining sleep.
• Sleep disturbances are not related to the severity of CP.
• Co-sleeping is not significant but caregiver sleep problems are associated with an increase in reported sleep disturbances.
Multiple regression analysis was performed to explore the effect of medical, social, and caregiver factors on Total SDSC scores (Table III) . Only caregiver sleep duration of less than 7 hours and caregiver sleep latency of more than 30 minutes were significantly associated with higher Total SDSC scores, contributing a variance of 32% (F=2.6, p=0.002).
DISCUSSION
This study not only consolidates the growing body of evidence that children with CP have more sleep problems than children with typical development, but also demonstrates the problem exists in populations with a different and diverse ethno-cultural makeup from those reported in the literature.
1-3 A strength of our study was the use of healthy siblings as comparison participants to reduce possible bias due to differences in the ethno-cultural background, parenting style, and sleep environment. Other studies used healthy peers from the community 2,3 or published norms. 1 Thirty per cent of the children with CP had a pathological total sleep score, comparable to the 21% to 24% reported by others. 1, 5, 13 The major areas of concern relate to DIMS, followed by SWTD and then DOES/SBD. This pattern is remarkably similar to that reported in other studies, 1, 5, 13, 16 even though the rates for each subscale disorder may differ. In contrast, Elsayed et al., 17 using their own questionnaire, noted that sleep-disordered breathing and excessive daytime sleepiness were the most frequently reported sleep problems in their school-aged children, while early insomnia was the most common among preschool children. Approximately one-third of our patients had high DIMS scores, similar to the 25% to 37% reported in the literature. 1, 5, 13, 17 It is plausible that difficulties in settling a child to sleep might play a role in perpetuating insomnia through actions such as rocking or patting.
In this study, only reduced duration of sleep and longer sleep latency in the caregivers were associated with higher total sleep scores in their children with CP. It is likely that this relationship is interactional rather than causal, but a vicious cycle can emerge, with the caregiver reporting more sleep disturbances in the child either as a cause or effect of his or her own sleep habits. While the prolonged sleep latencies of the caregivers mirrored those of the children, we did not explore in detail the causes of the caregivers' sleep problems. Hemmingson et al. 8 noted that half of their children with CP needed parental night-time attention, mostly related to restless sleep and turning over in bed. In studies of families with children who have a neurodevelopmental disability (which included some children with CP), many parents reported that they themselves were not getting sufficient sleep, 2, 16, 18, 19 and this was significantly correlated with the children's sleep disturbance scores 2 or was associated with parental stress and poor cognitive health. 16, 18, 20 The potentially deleterious effect of chronic insufficient or disrupted sleep on the caregiver's well-being and its impact on the child and family needs to be addressed.
Co-sleeping was common in our study population (48% bed sharing) but was not associated with more reported sleep disturbances. This is in contrast to the Newman et al. 1 study, which reported a lower prevalence of bed sharing (23%) but a significant association with a pathological sleep disturbance score. Differences in housing space, socio-cultural perception, and acceptance of co-sleeping may account for this, as an earlier study on Malaysian children with epilepsy noted a high rate of co-sleeping in both participants and healthy siblings but did not find an association with sleep disturbances. 6 Nevertheless, given the sleep complaints discussed earlier, the reasons for co-sleeping and its effect on caregiver sleep will still have to be investigated.
While some studies have found that epilepsy (especially active epilepsy) was an important factor, 1,21 others did not. 2, 17 This study utilized a summative score (Epilepsy Illness Severity score) to provide a broader profile of the child's epilepsy than individual seizure variables but still failed to show an association with sleep disturbances. However, there are limitations in this interpretation as the measures were questionnaire based. Frontal nocturnal seizures can be under-or misdiagnosed as they exhibit behaviours that mimic parasomnias and disrupt sleep architecture. 4 Assessment with an objective measurement tool such as an overnight video-polysomnography with more elaborate electroencephalographic monitoring may provide more accurate information.
Associated intellectual disability has been reported to be significantly associated with sleep problems in a few studies 16, 17 but not in our or others' studies. 1,2 Paradoxically, Lindblom et al. 21 noted that a more severe degree of intellectual disability was a predictor of increased nighttime sleep. Common comorbidities of intellectual disability (such as behaviour and communication) that have a more direct effect on sleep were not studied and could have contributed to the conflicting literature. 9, 16 Unlike other studies, we failed to find an association between sleep disturbances and visual impairment, 1,2,17,21 severity of CP, 1, 16, 17, 21 or social factors such as single-parent household 1 and maternal unemployment. 2 There is conflicting evidence of an association between the use of postural equipment at night and sleep disturbances. 1, 13, 16, 22 We did not have an opportunity to explore this aspect as there was non-compliance of usage among our population, possibly as a result of discomfort in a tropical humid setting such as Malaysia.
There were several limitations in this study. Our study population included more severely affected patients from a tertiary urban hospital; hence, the results may not be generalizable to the community. The sample size may not have been sufficient to detect certain associations between factors and sleep disturbance. Questionnairebased studies are subject to reporter bias, even when healthy siblings are used as comparisons. Sleep diaries, actigraphs, and overnight polysomnography studies could help verify some of the reported sleep disturbances in both the child and caregiver. Pain, which has been shown to be an important contributing factor to sleep problems in children with physical disability, 5, 16 was not investigated. Although we found an association between caregiver sleep duration and latency and the child's sleep problems, more research is required to look into the consequences of this interaction on both the child and caregiver.
CONCLUSION
Sleep disturbances are more common in children with CP than in their healthy siblings, mainly related to disorders of initiating and maintaining sleep. Caregiver sleep problems, rather than medical variables, are significantly associated with the child's sleep disturbances. Sleep disturbances in children with CP require a family-centred approach and health care providers need to give equal consideration to the caregiver's sleep profile. 
